It is widely known that cancer is a disease of "old-age". However available data show that this is not the case for many types of cancers. Incidences of breast and ovarian cancers have varying rates of change with age. Breast cancer data of Arabian-gulf women, show that the incidence rates increase with age and reach a maximum at 39 year. It then declines linearly with age to about 55 years. The rate of increase and its changes with age are similar to those of many other countries. In the premenopausal phase the relationship between incidence and age could be adequately modeled using a linear model for the logarithmic transformations of age and incidence. Similar observations are made for the ovarian cancer incidences. Results: It is shown that the rate of increase in breast and ovarian cancer incidence with respect to age is increasing in the premenopausal ages. Moreover, the burden of the disease with respect to mortality and "Disability Adjusted Life Years" or DALY, varied considerably among the six gulf countries. Conclusions: We conclude, based on the age incidence relationship that the number of cancer cases may double in the next period that follows our study period (1998-2009). Moreover, if the six countries have identical relationship between age and the two types of cancer, there should be an integrated and unified effort to have a common strategy for prevention and control.
Introduction
Cancer is a disease in which cells in the body grow out of control. When cancer starts in the breast, it is called breast cancer. About 7 out of 100 women (or 7%) will be diagnosed with breast cancer by the time they turn 70 years old. Ovarian cancer is far less common. About 1 out of 100 women (or 1%) will be diagnosed with ovarian cancer by age 70. Though it is less common than breast cancer, ovarian cancer causes more deaths than any other cancer of the female reproductive system [1] .
While breast and ovarian cancers are most common in older women (about 89% of breast cancers occur in women older than 45 years of age), they can and do occur in younger women. However the rates of change in the incidence differ in both cancers.
The main objective of this paper is to evaluate the burden of breast and ovarian cancers in the Arabian Gulf States (AGS): namely Bahrain, Kingdom of Saudi Arabia (KSA), Kuwait, Oman, Qatar, and United Arab Emirates (UAE) in terms of mortality and disability. We also present the recent statistics of two important risk factors: obesity and diabetes. Since age is the most important risk factor for both types of cancer we develop linear models to investigate the relationship between cumulative incidence and age, and the changing rate of change. We use the cumulative incidence data from the Gulf Cancer Registry in the interval 1998-2009. We demonstrate that there is a considerable similarity among the AGS in the rate of change across age groups. The paper is structured as follows: In Section 2 we briefly discuss risk factors associated with breast and ovarian cancers. In Section 3 a comparison among the 6 AGS is made with respect to mortality and disability. The relationship between both types of cancers is examined in Section 4, and a general discussion is presented in Section 5.
Risk Factors of Breast and Ovarian Cancers
The main risk factors for both diseases are summarized as follows:
Age. A woman's risk of developing breast and ovarian cancer increases with age. Women of all ages have a risk of breast and ovarian cancer, but women over 50 are more likely to develop it. Sixty-eight percent (68%) of women with ovarian cancer are older than 55, and 32% are younger than 55 [2] .
Family History. Women with a first-degree relative (mother, daughter, or sister) with either breast or ovarian cancer have about a three times higher risk of developing the disease. This risk increases when two or more first-degree relatives have been diagnosed with ovarian cancer. Therefore understanding the family history is paramount to reduce the risk of both diseases Genetics. About 10% to 15% of ovarian cancers occur because a genetic mutation (change) has been passed down within a family. A mutation in the BRCA1 or BRCA2 gene is associated with an increased risk of ovarian cancer and breast cancer [1] [2] .
About 12 percent of women in the general population will develop breast cancer sometime during their lives [3] . By contrast, according to the most recent estimates, 55 to 65 percent of women who inherit a harmful BRCA1 mutation and around 45 percent of women who inherit a harmful BRCA2 mutation will develop breast cancer by age 70 years [4] Ovarian cancer: About 1.3 percent of women in the general population will develop ovarian cancer sometime during their lives [4] . By contrast, according to the most recent estimates, 39 percent of women who inherit a harmful BRCA1 mutation [5] [6] and 11 to 17 percent of women who inherit a harmful BRCA2 mutation will develop ovarian cancer by age 70 years [5] [6] .
Components of Metabolic Syndrome: Obesity and Diabetes. Recent studies have shown that women who were obese in early adulthood are 50% more likely to develop ovarian cancer. One study, using NCI Surveillance, Epidemiology, and End Results (SEER) data, estimated that in 2007 in the United States, about 34,000 new cases of cancer in men (4 percent) and 50,500 in women (7 percent) were due to obesity. The percentage of cases attributed to obesity varied widely for different cancer types but was as high as 40 percent for some cancers, particularly endometrial cancer and esophageal adenocarcinoma. Table 2 provide projections of the future health and economic burden of obesity in 2030 estimated that continuation of existing trends in obesity will lead to about 500,000 additional cases of cancer in the United States by 2030 [7] [8].
Burden of Breast and Ovarian Cancers in the AGS
According to the National Institutes of Health, breast cancer was estimated to cost $209.9 billion a year in 2005, of which $118.4 billion was due to mortality cost (lost productivity by the death of patients), $74.0 billion was due to direct medical costs (money spent for healthcare), and $17.5 billion was due to morbidity cost (the cost of lost productivity due to illness [11] .
On the other hand and due to poor prognosis and rigorous treatment protocols [11] , ovarian cancer patients often suffer high distress at the time of diagnosis and during treatment [12] [13], potentially placing them at elevated risk for other co-morbidities. Another problem is that ovarian cancer surgery initiates menopause in pre-menopausal patients [12] . Depression is common among individuals with cancer and has been associated with decreased quality of life [14] [15] . In Table 3 , adapted from [11] we show the changes between two selected years 2009, and 2013 in age standardized death rates in the six AGS for both breast and ovarian cancers.
As can be seen there are large variations in rates among the six countries. While there is decrease in age standardized mortality rates (ASMR) attributed to breast cancer in Bahrain, Qatar and UAE, the other three countries encountered increase. On the other hand, all the six states showed considerable decreases in the ASMR attributed to ovarian cancer in 2013 as compared to 2009. However the decreases in the ASMR were quite different among the six countries.
The other burden caused by breast and ovarian cancer of importance is the Disability-adjusted life year (DALY). The disability-adjusted life year or DALY is a summary measure of public health widely used to quantify burden of disease. In the DALY philosophy, every person is born with a certain number of life years potentially lived in optimal health. People may lose these healthy life years through living with illness and/or through dying before a reference life expectancy. These losses in healthy life years are exactly what is measured by the DALY metric [16] [17] . Ten DALYs, for instance, correspond to ten lost years of healthy life, attributable to morbidity, mortality, or both.
On a population level, diseases with a higher public health impact will thus account for more DALYs than those with a lesser impact. Table 4 , adapted from [11] shows the variations in DALY figures for both cancers in the six countries. The main purpose of producing these figures, have been to assess and monitor regional health and to set priorities that should be shared among these six countries. As can be seen from Table 4 , the rates in DALY decreased for both cancers in Bahrain, Qatar, KSA, and UAE, with varying rates of change.
Relationship of Breast and Ovarian Cancer to Age

Data and Methods
In general, population-based registries are organizations for the systematic collection, storage, analysis, interpretation and reporting of data on subjects with cancer. They seek to collect data on all new cases of cancer occurring in a well-defined population. Usually, the population is that which is resident in a particular geographical region. As a result, and in contrast to hospital-based registries, the main objective of this type of cancer registry is to produce statistics on the occurrence of cancer in a defined population and to provide a framework for assessing and controlling the impact of cancer in the community. Thus, the emphasis is on epidemiology and public health. The uses of population-based cancer registration data may be summarized as follows: 1) They describe the extent and nature of the cancer burden in the community and assist in the establishment of public health priorities.
2) They may be used as a source of material for etiological studies.
3) They help in monitoring and assessing the effectiveness of cancer control activities.
Cancer Registry of the Arabian Gulf States
The gulf center for cancer registration was established in 1998 as a collaborative venture to collect and provide data for cancer incidence of the six gulf-states; Bahrain, Kingdom of Saudi Arabia (KSA), Kuwait, Oman, United Arab Emirates (UAE) and Qatar. In 2011 the gulf center for cancer registration was given the name "Gulf Center for Cancer Control and Prevention" (GCCCP) to monitor the cancer control and prevention strategies of the six gulf-states. Between 1998 and 2009 the age adjusted cumulative incidence of cancer in the six countries was 119,000 [18] . The reported breast cancer cases were 14,700 cases or 12% of all cancers, and the reported ovarian cancer cases were 2265, or 1.9% of all cancers. Figure 1 shows the relationship between the log-count (natural logarithm of the number of cases) of breast cancer cases and the log-midpoint of age. As can be see, the rates and the rates of changes are clearly divided into two distinct phases separated at about age 49. The first phase represents the early years of reproductive life, and the second phase represents the post-menopausal years. This trend in phase (1) is in agreement with the suggestion of Lilienfeld and Johnson [19] that the incidence increases by the same rate with each increment of age. The constancy of the rate of change in phase 1) is of quantitative importance because if the rate of change remains the same in the age groups 35, 40, and 50, the lifetime and incidence of breast cancer in AGS would be more than doubled in the next 12 years to follow. In phase 2), the decline in incidence as women ages increase is shown.
We therefore decided to model the relationship between incidence and age separately for each phase of age (phase (1) = age less than 49, and Phase (2) = when age is above 49). Figure 4 and Figure 5 .
The relationship between age and the number of breast cancer (BC) cases for phase (1) is adequately modeled by a simple linear regression model. An indicative of the goodness of fit of this relationship is the value of the The results are presented in Table 5 . Now we need to verify the hypothesis of homogeneity of the rates of change in the number of breast cancer cases with respect age. This hypothesis can be tested using the Cochran's Chi-square test defined as follows:
First, we define And the hypothesis of homogeneity of rates of change is established when p-value of the above Q-statistics is above 5%. For BC cases the results are summarized in Table 7 . We may conclude that all the AGS have the same rate of change in BC cases since all the p-values are above the cut-off value 5% of the type I error rate. The common estimate of the rates of change in BC count with respect to age are 2.68 0.228 β = ± , and 5.66 0.688 β = − ± for phases (1) and (2) respectively. The pattern of relationship between the OC incidence and age is similar to the relationship between BC and age as can be seen in Table 6 . There is increase in the incidence rate with age in phase (1) and a decrease in the rates in phase (2). The results are shown in Table 4 . Except for the country of Qatar, there is an excellent fit for the linear model in phase (1), and a very poor fit in phase (2). Similarly, the homogeneity test is accepted and the p-values are reported in Table 7 . The common rates of change in the OC incidence with respect to age are 1.02 0.08 β = ± , and 3.07 0.697 β = − ± for phases (1) and (2) respectively. Homogeneity of rate of change in number of cancer cases among the 6 countries was established separately for each phase and for BC, and OC.
Discussion
Cancer poses a major threat to public health worldwide, and incidence rates have increased in most countries since 1990. The trend is a particular threat to developing nations with health systems that are ill-equipped to deal with complex and expensive cancer treatments. The annual update provided by the national cancer registries on the regional burden of cancer will provide all stakeholders with timely estimates to guide policy efforts in cancer prevention, screening, treatment, and palliation. Together with the registry of cancer incidence there is a need for an integrated system of surveillance of the associated risk factors. Therefore one can monitor the correlation between the trend of increase/decrease in the risk factors and the trend of increase/decrease in the cancer incidence. Therefore a systematic investigation of cancer pattern and trends in the AGS over the next decades become feasible, and such information will help the council of health ministers for the design, implementation, the evaluation, and intervention in the AGS.
